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Acoustic systems are adapted to breeding ecologies: individual
recognition in nesting penguins
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In all species of penguins studied to date, the display call, or parental call, has been demonstrated
experimentally to facilitate identification between mates and between chicks and parents. We investi-
gated parent–chick recognition in two nesting species, the Ade ´lie penguin, Pygoscelis adeliae, and the
gentoo penguin, P. papua. Through playback experiments, we tested the capacity of chicks to recognize
the parental call at varying levels of background noise. By using modified calls, we found that chicks of
neither species used temporal characteristics of the parental call (variations in frequency or amplitude
with time) for individual recognition, but that both species used a simpler parameter, the pitch of the call.
This finding contrasts with the more sophisticated use of acoustic cues by chicks of two non-nesting
species, identified in earlier work. These differences in auditory processing of parental calls may have
evolved because of different ecological constraints, particularly whether recognition of a nest site
supports mutual identification of parent and offspring.
 2002 The Association for the Study of Animal Behaviour. Published by Elsevier Science Ltd. All rights reserved.
The theory of natural selection predicts that parents
should not feed unrelated young, but rather should invest
in their own offspring (Hepper 1986). Consequently, the
ability to identify relatives is crucial for animals (Sherman
& Holmes 1985). Many seabirds, such as the Ade ´lie
penguin, Pygoscelis adeliae, and the gentoo penguin,
Pygoscelis papua, breed in dense colonies where only pairs
and their offspring are allowed on to the nest. This
pattern of territory requires, at least, individual recogni-
tion between mates and between parents and their
chicks. Numerous banding studies have been conducted,
particularly on Ade ´lie penguins. Sladen (1953) showed
that they are faithful to their mates during the Antarctic
breeding season and often from one year to the next.
They feed only their own one or two chicks, pecking at
and driving off intruders. Penney (1968, page 123) con-
firmed these results, and pointed out ‘the essential role of
voice in the recognition of parents by chicks’. Jouventin
(1982) demonstrated experimentally that penguins, and
particularly Ade ´lie penguins, are unable to identify their
mate or chick without the use of vocal signals. Visual cues
include only the nest site and the associated behaviours
of owners. In territorial species, such as Ade ´lie and gentoo
penguins, visual cues may assist in individual recogni-
tion, but the display call, or parent call, is the only way
that partners can identify each other and their offspring
with certainty (Speirs & Davis 1991).
How to Find Kin in a Crowd
The Ade ´lie penguin breeds on the Antarctic continent
during the summer. As is typical for seabirds, colonies are
a mosaic of territories of breeding pairs. Nests are spaced
less than 0.8 m apart, and the two sexes share incubation.
During the first 3 weeks of chick rearing, one parent stays
on the nest (Taylor 1962). Both parents then forage at sea,
leaving the chick alone. During this period, chicks often
congregate in cre `ches (Sladen 1958). At the beginning of
the cre `che stage, chicks remain near the nest. When the
parent comes back to the empty nest and calls, chicks
return immediately to the parent. At the end of this stage,
the parent can call before arriving at the nest and meet
the chick elsewhere in the colony (Penney 1968). Large
Ade ´lie penguin chicks can recognize calls of their parents,
particularly after leaving the nest (Sladen 1953; Penney
1968; Thompson & Emlen 1968). Gentoo penguins nest
both on sub-Antarctic islands and on the Antarctic penin-
sula. Their breeding habits are similar to those of other
nesting seabird species such as Ade ´lie penguins; their
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747communication system, including acoustic signals of
identification, was described by Jouventin (1982).
Nesting and Non-nesting Penguins
Seabirds often live in dense and noisy colonies, where
communication is extremely difficult. Thus, individual
recognition must have evolved in a particularly con-
straining acoustic environment (Aubin & Jouventin
1998). The penguin family is unusual in having both
nesting species, as in almost all seabirds, and non-nesting
species. These latter are the king penguin, Aptenodytes
patagonicus, which breeds on sub-Antarctic islands, and
the emperor penguin, A. forsteri, which breeds during the
winter on sea ice that surrounds the Antarctic continent.
In these two large species, parents have no nest: they
brood the egg and then the small chick on their feet until
chicks are large enough to move on their own. The
complex acoustical system of these non-nesting penguins
has been experimentally and intensively studied in the
field (Jouventin 1972; Derenne et al. 1979; Jouventin
et al. 1979, 1999; Robisson et al. 1989; Robisson 1990,
1991; Aubin & Jouventin 1998; Lengagne et al. 1999a, b,
c). Playback experiments revealed that these non-nesting
penguins recognize each other individually solely by
acoustic means, and adults recognize their respective
breeding partners extremely efficiently. Within emperor
penguins and king penguins, the display call is well
adapted to this end through particularly sophisticated
coding mechanisms. For example, to identify the signal,
individuals of the two non-nesting species examine the
beats generated by their ‘two voices’. Among the 17
species of penguins, only the two non-nesting penguins
use two simultaneous series of harmonically related
bands of slightly differing frequency (Robisson 1992,
1993). The interaction of these two frequency bands
generates beats, and when these beats are experimentally
suppressed by removing one voice, the call is not recog-
nized by the chick (Aubin et al. 2000).
Even though non-nesting penguins are easy to study
experimentally and have sophisticated acoustic coding–
decoding systems, they constitute the exception in
seabirds. Study of nesting species is consequently neces-
sary for a comparative understanding of acoustic systems
of individual recognition in birds. Similar tests to ours for
non-nesting penguins have not been done on nesting
penguins because they are particularly difficult to lure by
playback of the partner’s call to the mate or the chick(s).
Effectively, the nest provides a landmark for chick loca-
tion and thus should simplify the acoustic recognition
process (Isenmann & Jouventin 1970). In nesting
penguins, the nest is used as a meeting place: even when
chicks are emancipated and mobile, they go only a few
metres from the nest. Parents coming back from feeding
at sea can locate their chicks to feed them by returning to
the empty nest and calling from there. Thus, chicks of
nesting penguins do not need to identify their parents
instantaneously, as chicks of non-nesting penguins are
able to do in a moving crowd.
The aims of the present study were (1) to investigate
acoustic coding–decoding mechanisms in Ade ´lie
penguins to determine whether they use an acoustic code
for individual recognition; (2) to test the capacity
of Ade ´lie penguins to communicate in the noisy
background of the colony; (3) to compare these results
with those from another nesting species, the gentoo
penguin; (4) to compare results for these two nesting
species with previous results from the two non-nesting
penguin species, to evaluate whether acoustic systems
of non-nesting penguins are less complex when
topographical cues are present.
GENERAL METHODS
Subjects and Location
For Ade ´lie penguins, recordings and experiments were
carried out at the Pointe Ge ´ologie Archipelago (6640S,
14001E), Terre Ade ´lie, Antarctica. The study period was
from January to February 1997, during the Ade ´lie
penguin breeding season. The penguin colony contained
about 200 pairs of adults and 120 chicks. The chicks we
tested were between 3 and 4 weeks old. For gentoo
penguins, recordings and experiments were carried out at
Possession island, Crozet Archipelago (4625S, 5145E)
from early December 1998 to mid January 1999. The
study was conducted at Crique de Noe ¨l, in a small colony
containing about 60 pairs and 30 chicks. Tested chicks
were between 1 and 2 months old. To facilitate their
identification in the colony, tested chicks of both species
were banded on a flipper with a temporary plastic band.
These experiments were approved by the Ethical
Committee of the French Polar Institute.
Recording and Playback Material
Display calls of Ade ´lie and gentoo penguins were
recorded with a Sony TCD10 Pro II DAT (frequency
response flat within the range 20–20 000 Hz) and an
omnidirectional Sennheiser MKH 815T microphone
(frequency response 100–20 000 Hz at 1 dB) mounted
on a 3-m pole, so that we could approach birds without
disturbance. The distance between the beak of the
recorded bird and the microphone was ca. 1 m.
Experimental signals were broadcast with the tape
recorder connected to a PSP-2 E.A.A. preamplifier and a
20-W self-powered amplifier built in the laboratory,
equipped with an Audax loudspeaker (frequency response
100–5600 Hz at 2 dB).
Sound Synthesis and Analysis
Analogue signals were digitized through a 16-bit Oros
AU21 acquisition card (equipped with an anti-aliasing
filter of 120 dB per octave) at a sampling rate of 16 kHz.
Signals were stored on the hard disk of a computer,
then analysed and modified with the Syntana
analytical package (Aubin 1994). For sound pressure
level measurements (SPL in dB), we used a Brue ¨l & Kjaer
sound level meter type 2235 (linear scale, slow setting)
equipped with a 1-inch condenser microphone type
4176.
748 ANIMAL BEHAVIOUR, 64, 5Classification of Responses and Statistical Analysis
Under natural conditions when their parents are
absent, chicks gather in flocks, where they remain silent
and inactive. An adult coming from the sea to feed its
chick makes its way to the area of the colony where the
nest is, then calls. That adult’s offspring in the flock holds
up its head, looks around, calls in reply, then moves
towards the parent, often running (Jouventin 1982). The
other chicks in the vicinity, resting or preening them-
selves, do not react to calls of nonparents (Jouventin
1982; Aubin & Jouventin 2002).
To evaluate the intensity of the behavioural response of
chicks to playback signals, we used a rank scale: 0 (no
response)=no behavioural reaction; 1 (weak)=head turn-
ing, look around; 2 (medium)=turn to speaker and call
after the second broadcast; 3 (strong)=turn to speaker,
call after the first broadcast; 4 (very strong)=turn to
speaker, call after the first broadcast, approach the loud-
speaker and stop in the vicinity (less than 2 m). This
behavioural scale is similar to those used in previous
studies of the king penguin (Jouventin et al. 1979, 1999;
Aubin & Jouventin 1998; Robisson 1990) and emperor
penguin (Jouventin 1982; Aubin et al. 2000). Interpreta-
tions of results were based on the analysis of the distribu-
tion of the observed values within the five behavioural
classes. We compared the response obtained with the
experimental signal with that induced by the control
signal using a one-tailed sign test. Because we used a small
sample size, we counted the number of trials in which
there were fewer responses to the experimental signal
than to the control signal (x) and found the probability
associated with observed values of x in the binomial test
(Siegel 1956).
RESPONSES TO RECORDED CALLS
Methods
Analysis procedure
Adult parental call analysis. To measure the amplitude
at which parental calls were produced, we took SPL
measures during the rearing stage. The beak-to-
microphone distance was 1 m. Recordings of parental
calls (Figs 1, 2) were analysed with the Syntana package to
reveal their main characteristics in the temporal and
frequency domains.
Ambient noise measurements. To determine the mean
level of the ambient noise of an Ade ´lie penguin colony,
we took 20 SPL readings at intervals of 15 s in the centre
of the colony. The sound level meter was at a height of
0.7 m (i.e. the height of a penguin head).
The ambient noise was also recorded in the same place,
for 4 min. We then examined the record to determine the
spectral composition of the ambient noise. To analyse the
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Figure 1. Sound spectrogram (FFT window size: 2048; spectral resolution: 25 Hz; overlap 95%) and oscillogram of an Ade ´lie penguin display
call.
749 JOUVENTIN & AUBIN: NESTING PENGUINS VOCAL SIGNATUREspectral composition over 4 min, 937 successive Fast
Fourier Transforms (FFTs) were calculated and averaged
(Hamming window, window size=4096 data points,
f=4 Hz). To calculate the distribution of energy in
different frequency bands we used Welch’s method
(Oppenheim & Schafer 1989).
During summer in the Antarctic, there is no night, and
the vocal activity of a colony is continuous all day long.
All measurements and recordings were taken between
1100 and 1200 hours, during calm weather, with a wind
speed of less than 3 m/s.
Playback procedure
Tests of detection in relation to a jamming situation.T o
estimate the minimal discrimination threshold of
parents in a jamming situation, we broadcast a series of
mixed signals to Ade ´lie penguin chicks. Six adult calls
were superimposed using an amplitude addition. One
corresponded to the parental call (PC) of the chick
tested and the other five were extraneous adult calls
(ECs). The five extraneous calls had the same average
SPL. This jamming corresponds to a situation frequently
observed in the colony. The superimposition of calls
results in a mixed signal with a total lack of silence and
with considerable overlapping of frequencies. In these
conditions, the parental call is almost entirely masked
by the extraneous calls in both the temporal and fre-
quency domains.
To evaluate the detection threshold of the parental call
(PC) by the Ade ´lie penguin chick, we tested signals with
different PC/EC ratios in dB. These ratios were defined as
E=20log(APC/AECs) where E represents the emergence
level in dB, APC and AECs the absolute amplitude of,
respectively, the PC and the mixed ECs. The following six
E values were tested: 9, 6, 3, 0, +3, +6 dB. Exper-
imental signals were broadcast to 10 chicks at a distance
of 7 m. The procedure was similar to one that we used in
a study of the king penguin (Aubin & Jouventin 1998).
Tests of detection of experimental signals. We conducted
the same tests on Ade ´lie and gentoo penguin chicks. Tests
were conducted between 1000 and 1700 hours, and, as
previously, during clear and dry weather, with a wind
speed of less than 3 m/s. The chick was generally resting
in the feeding area, preening itself. The distance between
the loudspeaker and the bird was about 7 m, correspond-
ing to a natural calling distance of an adult. Signals were
played at an SPL equivalent to that produced by the
species. Two series of signals were broadcast at a 15-min
interval, the experimental signal and the control signal
(i.e. a natural call from the parent of the tested chick).
Since the different calls uttered by one bird are highly
stereotyped, only one display call for each chick tested
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Figure 2. Sound spectrogram (FFT window size: 2048; spectral resolution: 25 Hz; overlap 95%) and oscillogram of a gentoo penguin display
call.
750 ANIMAL BEHAVIOUR, 64, 5served as a control signal. Each series corresponded to two
identical signals separated by 2 s of silence. For each chick
tested, we randomized the order of presentation of both
experimental and control signals. Similarly, the order of
presentation of experimental signals from day to day was
different for each chick. Hence, the observed responses
for the whole group of chicks tested were neither a result
of cumulative excitation nor dependent on playback
order. To prevent habituation, we broadcast a maximum
of two experimental signals (and consequently two
control signals) per day to the same chick.
Results
Call structures
Calls of both Ade ´lie and gentoo penguins corresponded
to a series of sound components termed syllables, separ-
ated by pronounced amplitude declines (Figs 1, 2). Call
duration varied from 0.6 to 2.3 s for the Ade ´lie penguin
(XSD=1.180.34 s, N=40) and from 0.7 to 1.9 s for the
gentoo penguin (1.160.36 s, N=30). The spectral com-
position of the syllables is characterized by a harmonic
series, with most of the energy concentrated between 300
and 2500 Hz for the Ade ´lie penguin and between 170 and
2700 Hz for the gentoo penguin. The mean SD SPL of
the calls measured 1 m in front of the bill of the birds
(one reading per bird) were 86.15.0 dB (N=45) for the
Ade ´lie penguin and 82.76.1 dB (N=16) for the gentoo
penguin.
Ambient noise
The meanSD ambient noise measured in the centre
of the Ade ´lie penguin colony was 57.46.20 dB (N=20).
The ambient noise measured during 4 min had a broad
band spectrum (Fig. 3), with three distinct main fre-
quency bands. The first (0–300 Hz) corresponded to
physical noise, such as wind, the second (300–2500 Hz) to
calls of the birds and the last (2500–8000 Hz ) to the
remaining noise of the colony. The distribution of energy
in these frequency bands was, respectively, 28, 45 and
27%.
Call detection with regard to jamming
Ade ´lie penguin chicks (N=14) detected the parental call
in spite of a strong temporal and frequency masking
effect from the signals of other individuals (Fig. 4). The
recognition process still operated for numerous birds (a
majority of class 2 responses) at a 7-m distance with an
emergence level of 0 dB, that is, when the parental call
and the background noise (corresponding here to five
mixed Ade ´lie penguin calls) were at the same level.
Recognition failed at an emergence level of 3 dB.
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Figure 3. Spectrum of a 4-min recording of the background noise of the centre of the Ade ´lie colony (average of 997 FFTs, window size=4096,
sampling frequency=16 kHz, Hamming window).
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Figure 4. Test of detection of the Ade ´lie penguin call by the chick
with respect to a jamming situation: the parental call is masked in
the time and frequency domain by five extraneous calls of other
breeders to yield different emergence levels. The intensity of chick
responses (X±SE, N=14) is given according to six emergence levels
of the parental call detected from the background noise.
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Methods
Experimental signals
According to previous studies of both Ade ´lie and
gentoo penguins (Jouventin 1982; Lengagne et al. 1997),
individuals encode their call with a high degree of
stereotypy such that between-individual variation is less
than within-individual variation. This is true for the
amplitude and frequency modulations, frequency
parameters (spectral composition, pitch of the carrier
frequency) and temporal parameters (syllable duration).
However, being able to distinguish by analysis the calls of
individuals does not tell how the birds themselves dis-
criminate the signal. The only way to investigate this
process was to question the birds by playing back differ-
ent experimental signals, that is natural calls with modi-
fied amplitude, frequency and temporal structures
(Fig. 5). We rescaled each synthesized or altered signal
to match the root mean square (RMS) amplitude of
the control signal to give control and the experimental
signals the same output level.
Signals with modified amplitude modulation (AM) and
frequency modulation (FM). As in our previous studies
of penguins, we made these modifications using the
analytical signal calculation (Mbu-Nyamsi et al. 1994).
Three kinds of signals were tested for each species. Signal
‘without AM’ corresponded to a control signal with the
natural AM removed. The first consequence was that
the amplitude was kept at a constant level inside each
syllable. The second consequence was that the frequency
values of the harmonics of the control signal were kept
but not their relative levels of intensity (the levels of the
harmonics were equalized). Signal ‘without FM’ corre-
sponded to a control signal with the FM removed.
Consequently, the relative levels of the harmonics were
kept, but with a constant fundamental frequency (Fø)
corresponding to the mean value between the maximum
and the minimum of FM calculated on the entire control
signal. ‘The reversed’ signal corresponded to a control
signal with each syllable of the call temporally reversed.
Consequently, the AM and FM of each syllable were
reversed, but the temporal pattern of the control
signal (i.e. the rhythm of sound–silence and the order of
succession of syllables) was kept.
Signals with modified frequency patterns. We used two
methods for the modification of the frequency patterns of
the control signals. First, we synthesized three signals
with different modifications of the spectral content by
filtering. We applied optimal filtering with the Fast
Fourier Transform (FFT) using the digital method
described by Press et al. (1988) with a window size of 4096
points. The ‘Fø’ signal corresponded to a control signal
with only the fundamental frequency kept, the ‘LP’ signal
corresponded to a control signal with only the funda-
mental and the first three harmonics, and ‘HP’ to a
control signal with the complementary part of the pre-
vious signal. Because higher frequencies of some control
signals were strongly modulated, particularly in gentoo
penguin calls, three or four successive filtration steps in
the temporal domain were necessary to obtain LP or HP
signals.
Next, we shifted the frequency of each control signal by
applying short-term overlapping (50%) FFT followed by a
linear positive shift of the spectrum and by an inverse
short-term FFT with a 4096 points window size (Randall
& Tech 1987). Thus, ‘+25 Hz’, ‘+50 Hz’ and ‘+75 Hz’ were
control-signal-shifted positively by 25, 50 and 75 Hz,
respectively. For comparison purposes, these values are
the same as those used in our studies of king penguins
(Jouventin et al. 1999; Lengagne et al. 2000).
Signals with modified call duration We built two signals
with different modifications of the call duration. ‘1stSyl’
was composed of the first syllable of the control signal,
and ‘halfSyl’ was composed of the first half of the first
syllable of the control signal.
Results
Detection of the call with regard to coding
For each playback of the recorded display call of an
Ade ´lie penguin parent, only the chick of that parent
responded; other chicks showed no reaction. The same
result occurred for the responses of gentoo penguin
chicks to parental calls.
Ade ´lie penguin. Depending on field conditions, each
series (experimental+control signals) was played to
10–19 chicks. Their responses are summarized in Table 1.
Experimental signals with the FM of the parent’s call but
not its AM elicited only a few responses. Most chicks
responded to experimental signals containing the AM of
the parent’s call but with the FM removed. Nevertheless,
when each syllable of the call (and consequently their AM
and FM shapes) was reversed in time, there was no
significant difference between responses to this modified
signal and the control signal caller. Thus, the FM of the
signal did not seem to give the bird a distinctive cue in
identifying the caller.
With harmonic structure modifications, high-pass and
Fø manipulations reduced response intensity (P<0.01). In
contrast, low-pass manipulation had no significant effect.
With the frequency shift series, there were significant
differences between chicks’ responses to all the
frequency-shifted signals and to the control signal
(P<0.01), except for the +25 Hz signal. Thus, it appeared
that chicks analysed the harmonic structure, particularly
the low part, and that they were sensitive to the effect of
shifting the frequency by more than 25 Hz.
In the call duration modifications, the broadcast of the
first syllable was sufficient to elicit recognition. Recogni-
tion did not occur when we broadcast only the first half
of the first syllable (significant difference between half
syllable signal and control signal, P<0.01).
Gentoo penguins. We played back each series to 10–14
chicks. The results are summarized in Table 2. Signals
with the FM of the parent’s call but without AM did not
elicit responses from most chicks (P<0.001). In contrast,
the signal with the AM of the parent’s call but without
FM elicited full responses (no significant difference from
752 ANIMAL BEHAVIOUR, 64, 5the control signal). Nevertheless, when the experimental
signal had the FM and the AM of the parent’s call
reversed, no significant difference was found from the
control signal. Thus, as for the Ade ´lie penguin, the FM
structure of the syllable did not seem necessary to elicit
responses in gentoo penguin chicks.
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Figure 5. Sound spectrograms and oscillograms of different modified parental calls played back to chicks: (a) natural (control), (b) without AM,
(c) without FM, (d) reversed, (e) fundamental frequency, (f) low-pass, (g) high-pass, (h) first half syllable signals. Only one species (Ade ´lie
penguin) and one syllable of the call is represented here.
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signals), recognition did not occur. There was a signifi-
cant difference between these modified signals and the
control signal (P<0.01 in all cases), as well as for the
+50-Hz and 75Hz-shifted signals (P<0.01 in both
cases). Only the +25-Hz signal elicited recognition (no
significant difference with the control signal). Thus, it
appeared that gentoo penguin chicks analysed the
harmonic structure, and that they were sensitive to the
effect of shifting frequency more than 25 Hz.
In the call duration modifications, as for Ade ´lie
penguins, the broadcast of one syllable was sufficient to
elicit recognition. In contrast, when only the first half of
the first syllable was broadcast, recognition did not occur
(significant difference between half syllable and control
signal, P<0.01).
DISCUSSION
Sound Intensity and Cocktail Party Effect
The Ade ´lie penguin call is uttered at a high sound
intensity level, 86 dB SPL measured at a distance of 1 m.
The sound level in the centre of an Ade ´lie penguin colony
is also loud, about 57 dB SPL, but it is not particularly
noisy for a penguin colony, where we have found sound
levels exceeding 70 dB (Robisson 1991 for emperor
penguin colonies; Aubin & Jouventin 1998 for king
penguin colonies). The spectral analysis shows that the
ambient noise of the colony consists of the sum of
biological and nonbiological noises that do not overlap in
frequency. Communication is hampered by ambient
noise when the signal and the noise have similar acoustic
Table 1. Responses on a five-point scale of Ade ´lie penguin chicks to playback signals
Signal N
Intensity of responses
Sign test (binomial cumulated) 0 123 4
Modulation
Without AM 11 6 (0) 3 (0) 1 (0) 1 (6) 0 (5) 0.999***
Without FM 16 4 (0) 2 (0) 2 (1) 4 (7) 4 (8) 0.887
Reversed 10 0 (0) 0 (0) 0 (1) 3 (3) 7 (6) 0.250
Frequency domain
Fø 11 10 (0) 1 (0) 0 (1) 0 (2) 0 (8) 0.999***
LP 15 1 (0) 1 (0) 4 (0) 4 (5) 5 (10) 0.746
HP 10 6 (0) 4 (0) 0 (0) 0 (3) 0 (7) 0.999***
+25 16 1 (0) 2 (0) 0 (2) 5 (3) 8 (11) 0.613
+50 16 6 (0) 3 (0) 2 (4) 3 (2) 2 (10) 0.981*
+75 16 6 (0) 4 (0) 3 (2) 2 (4) 1 (10) 0.996**
Temporal domain
1stSyl 19 0 (0) 2 (0) 4 (1) 5 (7) 8 (11) 0.828
halfSyl 10 10 (0) 0 (0) 0 (2) 0 (3) 0 (5) 0.999***
The responses were compared to responses obtained for the corresponding control signal (number in parentheses)
by a one-tailed sign test: *P<0.05; **P<0.01; ***P<0.001. See text for details of signals.
Table 2. Responses on a five-point scale of gentoo penguin chicks to playback signals
Signal N
Intensity of responses
Sign test (binomial cumulated) 0 1234
Modulation
Without AM 13 8 (0) 5 (0) 0 (0) 0 (8) 0 (5) 0.999***
Without FM 14 4 (0) 4 (0) 1 (3) 4 (5) 1 (6) 0.887
Reversed 11 0 (0) 0 (0) 2 (0) 5 (6) 4 (5) 0.145
Frequency domain
Fø 11 11 (0) 0 (0) 0 (1) 0 (4) 0 (6) 0.999***
LP 12 7 (0) 4 (0) 0 (1) 1 (5) 0 (6) 0.997**
HP 11 4 (0) 5 (0) 1 (0) 1 (6) 0 (5) 0.999***
+25 14 0 (0) 1 (0) 4 (1) 8 (8) 1 (5) 0.938
+50 10 7 (0) 2 (0) 1 (1) 0 (5) 0 (4) 0.998**
+75 10 9 (0) 1 (0) 0 (0) 0 (5) 0 (5) 0.999***
Temporal domain
1stSyl 12 0 (0) 1 (0) 2 (1) 4 (4) 5 (7) 0.688
halfSyl 12 3 (0) 5 (0) 4 (1) 0 (3) 0 (8) 0.999***
The responses were compared to the responses obtained for the corresponding control signal (number in
parentheses) by a one-tailed sign test: **P<0.01; ***P<0.001. See text for details of signals.
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same frequency band as that of an adult call are the calls
produced by other penguins. Nevertheless Ade ´lie penguin
chicks were able to discriminate the parental call among
others (‘cocktail party effect’), since they detected the
signal even when it was at the same level as the ambient
noise (0 dB of emergence). Even if the Ade ´lie penguin
chick is good at detecting the parental call embedded in
the noise, this ability is not as good as that of the king
penguin chick, which can detect at the same distance
(7 m) a parental call 6 dB below the noise of the colony
(Aubin & Jouventin 1998). Such detection levels have
been found in some other species (reviewed in Klump
1996), but they were obtained in laboratory conditions
using operant conditioning techniques with pure-tone
signals masked with a continuous broad-band noise.
Parameters Encoding Acoustic Identity
The Ade ´lie penguin call, like other penguin calls, has a
broad frequency band and a low fundamental frequency.
This may be related to the large size of these birds and
consequently of their vocal tracts. According to our
results, chicks reacted more to the lower part of the
spectrum, probably because they hear mainly this part of
the call. High frequencies are not transmitted over dis-
tances without strong attenuation (Wiley & Richards
1978) and are blurred by propagation through bodies of
penguins (Robisson 1991; Aubin & Jouventin 1998).
To identify the parent, chicks analysed the pitch of the
parental call with an accuracy of 25 Hz. However, the
parental call with frequency modulation but without
amplitude modulation elicited only weak responses. This
is probably because removing the AM considerably modi-
fies not the frequency values of the harmonics but their
relative levels, which are equalized to the same value in
the modified signal. Consequently, this modification
induces a modification of the timbre of the call. Further-
more, the Ade ´lie penguin chicks identified the call even
when each syllable of the call was reversed. Similarly, the
releasing value of the pitch and of the timbre and the
absence of the role of the FM for coding individual
information is emphasized by the playback experiment
with a signal where the parental spectral profile was kept
but without FM. The frequency values of harmonics, but
not their modulation (frequency/time), and their relative
levels (i.e. the timbre) are significant for recognition in
this species.
The Ade ´lie penguin call is characterized by sharp
amplitude gaps that are responsible for the temporal
organization of a succession of syllables. How is this
temporal pattern used in recognition? Our results show
that temporal pattern does not contain information on
individuality, since uttering one syllable is sufficient to
elicit a recognition process. The function of the sharp
amplitude gaps may be to aid the caller (1) to be located
easily and (2) to be discriminated from the background
noise (generated by other birds and by wind). This is
suggested because sharp amplitude declines are easily
detectable in the continuous noise of the colony (Wiley &
Richards 1982) and locatable using the broad frequency
band (Konishi 1977). The syllable represents the
minimum amount of information necessary to the
identification of the caller, since half a syllable was not
recognized by the chicks. The Ade ´lie penguin call,
consisting of a succession of syllables, is thus highly
redundant.
The results for gentoo penguins were about the same as
for Ade ´lie penguins. The temporal pattern of the adult
gentoo call is not so marked, so their calls were probably
not as easy to localize, a problem that is less important in
gentoo penguin colonies, because gentoo penguins do
not have the same constraints on spacing during breeding
as Ade ´lie penguins (in gentoo penguin colonies, the
density of breeders is lower). Gentoo penguin chicks were
particularly good at analysing frequency parameters: to
identify an individual, they needed almost the exact
frequency of the call. The gentoo penguin was as accurate
as the Ade ´lie penguin (25 Hz). Concerning the spectral
profile, chicks needed the whole bandwidth to respond to
the parental call. As we found for the Ade ´lie penguin,
gentoo penguin chicks recognized the parental call with
AM but without FM, whereas the signal with the FM of
the parental call but without AM elicited only weak
responses. It thus appears that both nesting penguin
species pay attention to the frequency values of
harmonics and their spectral profile (particularly the low
part in the case of the Ade ´lie penguin) but not to the FM
structure of the syllable. This conclusion is confirmed by
the recognition of the reversed syllable signal by chicks of
both species. Concerning temporal organization, and
particularly the syllabic structure, as for Ade ´lie penguins,
half a syllable was not recognized: one syllable is
necessary and sufficient to elicit a response in gentoo
penguin chicks.
Comparison with Non-nesting Penguins
The sound intensity of the call uttered was similar in
both nesting penguins studied (Ade ´lie penguins: 86 dB;
gentoo penguins: 83 dB). These values are lower than the
ones measured for the two non-nesting penguins (Aubin
& Jouventin 1998: 95 dB in the king penguin; Robisson
1993: 95 dB in the emperor penguin) probably because
the two nesting penguins are smaller than the non-
nesting penguins. In nesting and non-nesting penguin
species, the call is uttered at a high level, but the back-
ground noise is so loud that individuals cannot hear a call
more than 10–12 m away (Aubin & Jouventin 1998,
2002). At 57 dB, the sound level of Ade ´lie penguin
colonies is much lower than in king penguin colonies
(75 dB, Aubin & Jouventin 1998) and in emperor penguin
colonies (72 dB, Robisson 1991). Given the levels of the
individual calls and of the background noise of the
colonies, the signal-to-noise ratio appears to be higher in
nesting penguins than in non-nesting ones. This result
should be related to the better ability of king penguin
chicks, compared to Ade ´lie penguin chicks, to detect the
parental call in the hubbub of the colony (6 dB and
0 dB of emergence, respectively, at a distance of 7 m).
Using the same playback tests, we were able to compare
the individual recognition process in both nesting and
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mean pitch value of the fundamental frequency is almost
the same for the four species. Nevertheless, the frequency
analysis realized by chicks differed between non-nesting
and nesting species. King and emperor penguin chicks
tolerate more change in frequency pitch values than
Ade ´lie and gentoo penguins. The non-nesting species
tolerated errors from 75 to 100 Hz (Jouventin et al. 1999),
but the nesting species needed the right pitch values for
the fundamental and the harmonics (with an accuracy of
25 Hz).
In the temporal domain, all species calls are redun-
dant, repeating identity information, but non-nesting
penguins require more redundancy, since only half a
syllable of the king penguin call is necessary for identifi-
cation of birds (Jouventin et al. 1999) whereas Ade ´lie and
gentoo penguins needed a whole syllable. This rapidity of
discrimination is clearly advantageous in a dense crowd
on the move and without a fixed nesting place, as in
emperor and king penguin colonies.
Unlike Ade ´lie penguins and gentoo penguins, to
identify the call, king penguins attended to the FM shape
of the syllable (Jouventin et al. 1999), and emperor
penguins to the temporal succession of syllables, that is,
to the AM shape of the whole call (Jouventin et al. 1979).
Two Acoustic Codes
To extract a signal from background noise, Okanoya &
Dooling (1991) described two main processes. The
integration of information by the receiver is realized
either in the frequency domain (using a power spectral
profile), or in the temporal domain (using combinations
of elements in the signal or using the structure of single
elements) or both. Our results demonstrate that chicks in
nesting penguin species use the first process, frequency
analysis, and that chicks in non-nesting penguin species
use the second process or a combination of both, a
frequency/time or amplitude/time analysis, coupled with
a beat analysis (Aubin & Mathevon 1995; Jouventin et al.
1999; Aubin et al. 2000). The complex system of coding
used by non-nesting penguins creates huge variety in
vocal signatures and the possibility of confusion is low.
This complexity is necessary to distinguish between
several thousand birds breeding without nests, that is,
without visual cues. If this last code is so efficient, why do
Ade ´lie or gentoo penguins not use it?
First, the ecology of the breeding system of nesting
penguins is not as constraining, so this sophisticated but
unnecessary code was not favoured by natural selection.
In nesting species, the call is only a confirmation, helped
by a locational cue. The effective number of neighbours is
also smaller in stationary (nesting) species than in mobile
(non-nesting) species. Thus, Ade ´lie and gentoo chicks
may need less information to identify parents and, con-
sequently, the coding of identity does not need to be as
complex as in non-nesting penguins. Rather, identity
coding relies only on the analysis of a precise spectral
profile.
Second, there may be a cost to producing a sophisti-
cated vocal signature. The modulation in time used by
non-nesting penguins is difficult to produce (Gaunt et al.
1973; Brackenbury 1982): frequency-modulated or
amplitude-modulated calls require good control of the
two sound sources of a bird (‘two-voices’; Aubin &
Jouventin 2002). This complex adaptation appears in
evolved oscines, which merge the two voices and
modulate them individually.
To conclude, nesting penguin chicks identify their
parent’s voice in the background noise of the colony
using an efficient but relatively simple acoustic system.
This system seems sufficient for identification of the
caller when the likelihood of confusion is weak, as in
colonial seabirds or waterbirds that are helped by the
location of a nest, that is, a meeting place.
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